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Generation of GHZ and W states for stationary qubits in spin network via resonance
scattering
L. Jin, and Z. Song†
Department of Physics, Nankai University, Tianjin 300071, China
We propose a simple scheme to establish entanglement among stationary qubits based on the
mechanism of resonance scattering between them and a single-spin-flip wave packet in designed spin
network. It is found that through the natural dynamical evolution of an incident single-spin-flip wave
packet in a spin network and the subsequent measurement of the output single-spin-flip wave packet,
multipartite entangled states among n stationary qubits, Greenberger-Horne-Zeilinger (GHZ) and
W states can be generated with success probabilities PGHZ = 2/|1 + t−n|2 and PW = |t|2 /n
respectively, where t is the transmission amplitude of the near-resonance scattering.
PACS numbers: 03.67.Bg, 75.10.Pq, 03.67.-a
I. INTRODUCTION
In quantum information science it is a crucial prob-
lem to develop techniques for generating entanglement
among stationary qubits. Entanglement as unique fea-
ture of quantum mechanics can be used not only to
test fundamental quantum-mechanical principles [1, 2],
but to play a central role in applications [3, 4, 5].
Especially, multipartite entanglement has been recog-
nized as a powerful resource in quantum information
processing and communication. There are two typ-
ical multipartite entangled states, Greenberger-Horne-
Zeilinger (GHZ) and W states, which are usually re-
ferred to as maximal entanglement. Numerous protocols
for the preparation of such states have been proposed
[6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20].
Most of them are scattering-based schemes which uti-
lize two processes: the natural dynamic process of an
always on system and the final project process carried
out by a subsequent measurement. Another feature of
such kind of schemes is that there are two kinds of qubits
involved in: target qubits and flying qubit. The target
qubits are the main entities that will be entangled by the
above two processes, which are usually stationary and
can be realized by atoms, impurities, or other quantum
devices. The flying qubit is a mediator to establish the
entanglement among the target qubits via the interac-
tion between them, which is usually realized by photon
or mobile electron.
In this sense, the type of interaction between station-
ary qubits and the flying qubit as a mediator and the
transfer of the flying qubit are crucial for the efficiency
of the entanglement creation. In general, such two pro-
cesses are mutually exclusive. The scattering between
stationary and flying qubits can convert information be-
tween them, while it also reduces the fidelity of the fly-
ing qubit, which will affect the efficiency of the entan-
glement, especially for multi-particle system. It is still
a challenge to create entanglement among massive, or
stationary qubits.
In this paper, we consider whether it is possible to
use an arrangement of qubits, a spin network, to gener-
ate multipartite entanglement among stationary qubits
via scattering process. We introduce a scheme that al-
low the generation of the GHZ and W states of station-
ary qubits in spin networks. In the proposed scheme,
the flying qubit is a Gaussian type single-flip moving
wave packet on the ferromagnetic background, which can
propagate freely in XY chain. The stationary qubit is
consisted of two spins coupled by Ising type interaction
with strength Jz . A single spin flip can be confined in-
side such two spins by local magnetic field h to form a
double-dot (DD) qubit. The system of an XY spin chain
with a DD qubit embedded in exhibits a novel feature
under the resonance scattering condition h = Jz, that a
single-flip moving wave packet can completely pass over
a DD qubit and switch it from state |0〉 to |1〉 simul-
taneously. We show that the scattering between a fly-
ing qubit and a DD qubit can induce the entanglement
between them and the operation on the DD qubit can
be performed by the measurement of the output flying
qubit. It allows simple schemes for generation of mul-
tipartite entanglement, such as GHZ and W states by
simply-designed spin networks. We also investigate the
influence of near-resonance effects on the success proba-
bilities of the schemes. It is found that the success prob-
abilities are PGHZ = 2 |1 + t−n|2 and PW = |t|2 /n for
the generation of GHZ and W states, respectively. Here
t is the transmission probability amplitude for a single
DD qubit and n is the number of the DD qubits.
This paper is organized as follows. In Sec. II the DD
qubit and spin network are presented. In Sec. III we
investigate the resonance-scattering process between the
flying and stationary qubits. Sec. IV and V are devoted
to the application of the resonance scattering on schemes
of creating GHZ and W states. Section VI is the sum-
mary and discussion.
II. DOUBLE-DOT QUBIT
The spin network we consider in this paper is consisted
of spins connected via the XXZ interaction. The Hamil-
2tonian is
H = −
∑
〈i,j〉
[
J⊥ij
2
(σ+i σ
−
j +H.c.) + J
z
ijσ
z
i σ
z
j
]
(1)
+
∑
i
hiσ
z
i ,
where σ±i = σ
x
i ± iσyi , and σαi (α = x, y, z) are the
Pauli spin matrices for the spin at site i. The total z-
component of spin, or the number of spin flips on the
ferromagnetic background, is conserved as it commutes
with the Hamiltonian. For Jzij = 0, it reduces to XY
spin network, which has received a wide study for the
purpose of quantum state transfer and creating entan-
glement between distant qubits by using the natural dy-
namics [21]. For Jzij = J
⊥
ij , the Hamiltonian describes
isotropic Heisenberg model. In the antiferromagnetic
regime (Jzij ≺ 0), a ladder geometry spin network, a
gapped system [22], has been employed as a data bus
for the swapping operation and generation of entangle-
ment between two distant stationary qubits. It has been
shown that a moving wave packet can act as a flying
qubit [23, 24, 25] like photon in a fiber. On the other
hand, the analogues of optical device, beam splitter can
be fabricated in quantum networks of bosonic [26], spin
and ferimonic systems [27].
In this paper, we consider a new type of qubit, double-
dot qubit, which can be embedded in such spin networks.
A DD qubit consists of two ordinary spins at sites d and
d+ 1, connected via Ising type interaction in the form
Hd = −Jzσzdσzd+1 + h
∑
i=d,d+1
σzi . (2)
When such kinds of two spins are embedded in the spin
networks with |h| ≫ J⊥ij and hi = 0, a spin flip is confined
within it and forms a DD qubit with the notations |0〉d =|↓〉d |↑〉d+1 and |1〉 = |↑〉d |↓〉d+1. We will show that such
a new type of qubit has a novel feature when it interacts
with another spin flip in the spin networks.
III. RESONANT SCATTERING
The main building block in the spin network of our
scheme is the DD qubit. It acts as a massive or sta-
tionary qubit, like atoms or ions in cavity-QED-based
schemes. To demonstrate the property of a DD qubit in
a spin chain, we investigate a small system of 4-site, a
DD qubit connecting to two spins. In order to provide
a clear exposition, we firstly assume a specific coupling
configuration with h = Jz, which leads to the following
4-site Hamiltonian
Hs = −J⊥
∑
l=1,3
(
σxl σ
x
l+1 + σ
y
l σ
y
l+1
)
(3)
−hσz2σz3 + h (σz2 + σz3) .
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FIG. 1: (Color online) The basic building block of the proposed
scheme. (a) Schematic illustration for a DD qubit embedded
in a spin chain, which consists of two spins with only Ising
interaction. The local external magnetic field can confine a
spin flip in the two spins to form a DD qubit with states |0〉
and |1〉. (b) Schematic illustration of the resonance scattering
process between a single-spin-flip wave packet and a DD qubit.
Under the resonance scattering condition, an incident wave
packet can totally pass through a DD qubit and switch it from
state |0〉 to state |1〉 .
There is a quasi-invariant subspace with the diagonal en-
ergy being h and under the condition h ≫ ∣∣J⊥∣∣, which
is spanned by basis
|ϕ1〉 = |↑〉1 |↓〉2 |↑〉3 |↓〉4 ,
|ϕ2〉 = |↓〉1 |↑〉2 |↑〉3 |↓〉4 , (4)
|ϕ3〉 = |↓〉1 |↑〉2 |↓〉3 |↑〉4 .
The matrix of the Hamiltonian in this subspace reads
 h −
J⊥
2
−J⊥2 h −J
⊥
2
−J⊥2 h

 (5)
with eigenstates |ψi〉 and eigen energies εi (i = 1, 2, 3)
being
|ψ1〉 = 1√
2
(|ϕ1〉 − |ϕ3〉) , ε1 = h; (6)
|ψ2,3〉 = 1
2
(
|ϕ1〉 ∓
√
2 |ϕ2〉+ |ϕ3〉
)
,
ε2,3 = ± 1√
2
J⊥ + h.
Obviously, in the invariant subspace, such a 4-site system
acts as a normal 3-site system. Note that the DD qubit
as the center of the 3-site system can be in two different
states |0〉 or |1〉 while another spin flip is at left or right
site. Thus a time evolution process can accomplish the
transformation |↑〉1 |↓〉2 |↑〉3 |↓〉4 −→ |↓〉1 |↑〉2 |↓〉3 |↑〉4 or
|↑〉1 |0〉d |↓〉4 −→ |↓〉1 |1〉d |↑〉4 with 100% success proba-
bility. Such a feature is desirable for the quantum infor-
mation processing. It is because that, on one hand, a
spin flip passing over a DD qubit can operate the qubit
3state; and on the other hand, the state of a DD qubit
can indicate whether there is a spin flip passing over it.
A similar transformation has been proposed through the
cavity input-output process in adiabatic limit [28]. A
particular merit of the present scheme is that it is based
on a natural dynamic process rather than an adiabatic
process.
Now we consider the dynamic process of the interaction
between a moving wave packet and a DD qubit. We
embed a DD qubit into a chain as illustrated in Fig. 1(a).
It has been shown that a single-spin-flip wave packet in
the form [23, 24]∣∣∣φ(pi
2
, Nc)
〉
=
1√
Ω
∑
j
e−
α
2
2
(j−Nc)
2+i pi
2
jσ+j |V ac〉 (7)
can propagate along a uniform spin chain without spread-
ing approximately, where the vacuum state is fully
ferromagnetic state |V ac〉 = ∏l=1 |↓〉l. Here Ω =∑N
1 exp(−α2(j − Nc)2/2) is the normalization factor,
Nc is the center of the wave packet at t = 0 and N
is the number of sites of the chain. At time t, it will
evolves to
∣∣φ(pi/2, Nc + J⊥t)〉. Let us firstly assume that
initially the qubit is in the state |0〉d, while a wave packet
of type (7) |φ(pi/2, Nc ≺ d)〉 ≡ |φ(pi/2, L)〉 is coming
from the left. Similarly, we define |φ(±pi/2, Nc ≻ d+ 2)〉
≡ |φ(±pi/2, R)〉, |φ(−pi/2, Nc ≺ d)〉 ≡ |φ(−pi/2, L)〉 to
denote a transmitted or reflected wave packet after scat-
tering. In the strong local field regime, h ≫
∣∣J⊥∣∣, the
spin flip is firmly confined in the DD qubit. From the
analysis of the above 4-site system, which is called the
resonant case with h = Jz , the wave packet will pass
freely through the DD qubit. Comparing to the case
without the embedded DD qubit, the output wave packet
gets a forward shift with a lattice space, while switches
the DD qubit from |0〉d to |1〉d, i.e.,
∣∣∣φ(pi
2
, L)
〉
|0〉d −→
∣∣∣φ(pi
2
, R)
〉
|1〉d . (8)
In contrast, if the qubit is in state |1〉, the scattering
process is
∣∣∣φ(pi
2
, L)
〉
|1〉d −→
∣∣∣φ(−pi
2
, L)
〉
|1〉d , (9)
i.e., the incoming wave packet is totally reflected and
maintains the qubit to be in state |1〉d. Interestingly,
the states of wave packet and the DD qubit are both
altered through this process, i.e., being shifted with a
lattice space. However, such a shift brings about totally
different effects on the DD qubit and the wave packet,
respectively: it switches the DD qubit from |0〉d to |1〉d,
but does not alter the wave packet in the same manner as
classical perfect elastic collision. It is worthy to point out
that the DD qubit and the wave packet are not entangled
in such resonant case. In the case of non-resonance h 6=
Jz, or initially the DD qubit and/or the incident wave
packet are in a superposition states as
|ր〉d = α |0〉d + β |1〉d , (10)
|ր〉in = α
∣∣∣φ(pi
2
, L)
〉
+ β |V ac〉 ,
where α and β are arbitrary coefficients satisfying |α|2 +
|β|2 = 1.
In practice, the difference between h and Jz will leads
to the reflection of the incident wave packet. Then the
scattering process can be expressed as
∣∣∣φ(pi
2
, L)
〉
|0〉d −→ r
∣∣∣φ(−pi
2
, L)
〉
|0〉d + t
∣∣∣φ(pi
2
, R)
〉
|1〉d
(11)
with |r|2 + |t|2 = 1. The transmission coefficient
T (Jz, h) = |t|2 is a crucial factor in the following schemes
for quantum information processing. On the other hand,
the strength of the local field h also results the spread-
ing of the spin flip from state |1〉d and reduces T (Jz, h).
We perform numerical simulation for the scattering pro-
cess in order to investigate such phenomenon. Numerical
result for T (Jz, h) with α = 4/15 is plotted in Fig. 2.
It shows that the transmission coefficient is close to 1 if
h ∼ Jz ≻ 5 ∣∣J⊥∣∣, which is feasible in practice. It ensures
that a spin network with an embedded DD qubit in a spin
chain can perform the transformation (8, 9) via a natural
dynamic process rather than an adiabatic process.
IV. GENERATION OF GHZ STATE
Now we focus on the practical application of resonant
scattering effect on the quantum information processing.
As mentioned above, although the totally transmitted
wave packet switches the state of the DD qubit from |0〉d
to |1〉d, there is no entanglement between the DD and
the wave packet arising from such a process. However, if
the incoming wave packet is not polarized in z direction,
but in the form
|ր〉in = α
∣∣∣φ(pi
2
, L)
〉
+ β |V ac〉 , (12)
where α and β are restricted to be real for simplicity in
the following context, the entanglement between the DD
qubit and the scattered wave packet can be established.
Actually, the corresponding resonant scattering process
can be expressed as
|ր〉in |0〉d −→ α |1〉d
∣∣∣φ(pi
2
, R)
〉
+ β |0〉d |V ac〉 . (13)
The reduced density matrix of the final state in the basis
{|1〉d |V ac〉, |1〉d |φ(pi/2, R)〉, |0〉d |V ac〉, |0〉d |φ(pi/2, R)〉}
is 

0
α2 αβ
αβ β2
0

 , (14)
4







ff
fi
flffi
 !"
#$%
&'(
)
*
+,
-
./
012
3 4 56 78
9
:;<
=>?
@AB
CDE
F
G
H
I
JKL
FIG. 2: (Color online) Profiles of transmission coefficient T
as a function of h and Jz in the unit of J⊥, obtained by
numerical simulations. (a) 3-D plot of the function T (h, Jz).
It indicates that the transmission coefficient gets the maxima
under the resonance scattering condition h = Jz. (b) The plot
of the transmission coefficient under the resonance scattering
condition. It shows that the transmission coefficient is close
to 1 in the region h ∼ Jz ≻
˛
˛5J⊥
˛
˛.
which has concurrence C = 2 |αβ|. For α = β = 1/√2,
the concurrence between them reaches to the maximum
Cmax = 1. A flying qubit (12) can be generated from
wave packet (7) via a 1 × 2-beam or Y -beam splitter
[27]. We consider the spin network with the geometry of
two connected 1 × 2-beam splitters. These two Y -beam
splitters are characterized by (α, β) and (α′, β′) respec-
tively, which are schematically shown in Fig. 3(a). There
is a DD qubit embedded in one of the two arms. Now
we consider the dynamic process with the initial state
being
∣∣ψin〉 |0〉d, where ∣∣ψin〉 = |φ(pi/2,−∞)〉, denotes
an incoming wave packet along the left chain. In the
first step, through the beam splitter (α, β),
∣∣ψin〉 is di-
vided into two wave packets |φ(pi/2, L)〉A and |φ(pi/2)〉B
along A and B arms, respectively. In the second step,
sub-wave packet |φ(pi/2, L)〉A passes over DD qubit and
becomes |φ(pi/2, R)〉A, while sub-wave packet |φ(pi/2)〉B
propagates along B arm and meets |φ(pi/2, R)〉A at the
joint of beam splitter (α′, β′). In the third step, wave
packets |φ(pi/2, R)〉A and |φ(pi/2)〉B are reflected and di-
vided by beam splitter (α′, β′), and contribute to the out-
put wave packet |ψout〉 = |φ(pi/2,∞)〉. Then the whole
process can be expressed as
∣∣ψin〉 |0〉d (15)
step 1−→ α
∣∣∣φ(pi
2
, L)
〉
A
|0〉d + β
∣∣∣φ(pi
2
)
〉
B
|0〉d
step 2−→ α |1〉d
∣∣∣φ(pi
2
, R)
〉
A
+ β |0〉d
∣∣∣φ(pi
2
)
〉
B
step 3−→ (α′α |1〉d + β′β |0〉d)
∣∣ψout〉
+
(
β′2α |1〉d − α′β′β |0〉d
) ∣∣∣φ(−pi
2
, R)
〉
A
+
(
α′2β |0〉d − α′β′α |1〉d
) ∣∣∣φ(−pi
2
)
〉
B
.
From step 2 to step 3 we have used formulas (28, 29)
derived in Appendix A. When |ψout〉 is measured in the
output lead, the operation
|0〉d −→ α′α |1〉d + β′β |0〉d (16)
is implemented. The success probability of this op-
eration is (αα′)
2
+ (ββ′)
2
. In the optimal case with
α = β = α′ = β′ = 1/
√
2, we can perform the opera-
tion |0〉d −→ (|1〉d + |0〉d) /
√
2 by the process of resonant
scattering and subsequent measurement with the success
probability up to 0.5. The measurement of |ψout〉 can be
implemented by embedding another DD qubit to record
the passing of the output wave packet.
Now we consider the case of multiple DD qubits em-
bedded in A arm, which is schematically illustrated in
Fig. 3(b). All the n stationary DD qubits are prepared
initially in state |0〉⊗n =∏nl=1 |0〉l. Similarly, we have∣∣ψin〉 |0〉⊗n (17)
step 1−→ α |φ(pi/2, L)〉A |0〉⊗n + β
∣∣∣φ(pi
2
)
〉
B
|0〉⊗n
step 2−→ α |φ(pi/2, R)〉A |1〉⊗n + β
∣∣∣φ(pi
2
)
〉
B
|0〉⊗n
step 3−→
(
α′α |1〉⊗n + β′β |0〉⊗n
) ∣∣ψout〉
+
(
β′2α |1〉⊗n − α′β′β |0〉⊗n
) ∣∣∣φ(−pi
2
, R)
〉
A
+
(
α′2β |0〉⊗n − α′β′α |1〉⊗n
) ∣∣∣φ(−pi
2
)
〉
B
,
with the notation |1〉⊗n =∏nl=1 |1〉l.
In the optimal case with α = β = α′ = β′ = 1/
√
2, we
can perform the operation
|0〉⊗n −→ 1√
2
(
|1〉⊗n + |0〉⊗n
)
(18)
by the subsequent measurement with the success proba-
bility up to 0.5. Then by using natural dynamics and
subsequent measurement, multipartite entangled GHZ
state can be generated. This provides a simple way of
5entangling n stationary qubits through scattering with a
flying qubit. In the near-resonance scattering case, the
transmission probability amplitude t will effect the suc-
cess probability to be
PGHZ =
2
|1 + t−n|2 , (19)
under the optimal conditions α = α′ =
√
1/ (1 + tn), β =
β′ =
√
tn/ (1 + tn). Note that the success probability is
reduced exponentially as the number of qubits increases.
V. GENERATION OF W STATE
Now we turn to the scheme of the generation of an-
other type of multipartite entangled state, W state. The
configuration of the spin network we utilized consists of
two 1×n-beam splitters with one DD qubit embedded in
each parallel arm in the same way, as illustrated in Fig.
3(c).
We start our analysis by considering n = 2 case with
two 1 × 2-beam splitters being characterized by (α, β)
and (α′, β′) respectively. Denoting the qubit states of
two DD qubits embedded in arms A and B as |0, 1〉A and
|0, 1〉B respectively, the dynamic process can be written
as
∣∣ψin〉 |0〉A |0〉B (20)
step 1−→ α
∣∣∣φ(pi
2
, L)
〉
A
|0〉A |0〉B + β
∣∣∣φ(pi
2
, L)
〉
B
|0〉A |0〉B
step 2−→ α |1〉A
∣∣∣φ(pi
2
, R)
〉
A
|0〉B + β |1〉B
∣∣∣φ(pi
2
, R)
〉
B
|0〉A
step 3−→ (αα′ |1〉A |0〉B + ββ′ |1〉B |0〉A)
∣∣ψout〉
+
(
αβ′2 |1〉A |0〉B − βα′β′ |1〉B |0〉A
) ∣∣∣φ(−pi
2
, R)
〉
A
+
(
βα′2 |1〉B |0〉A − αα′β′ |1〉A |0〉B
) ∣∣∣φ(−pi
2
, R)
〉
B
.
In the optimal case with α = β = α′ = β′ = 1/
√
2, we
can perform the operation
|0〉A |0〉B −→
1√
2
(|1〉A |0〉B + |0〉A |1〉B) (21)
by the subsequent measurement of the output spin flip
with the success probability up to 0.5.
Now we extend the above conclusion to n-DD qubits
case. For a 1×n-beam splitter, we only consider the sim-
plest case with identical hopping constant being J⊥/2
√
n
between the input lead and each arm, which is schemat-
ically illustrated in Fig. 3(c). An incident wave packet
will experience the following process. In the first step,∣∣ψin〉 is divided into n wave packets through the beam
splitter, with |φ(pi/2, L)〉l (l = 1, 2, ..., n) being the wave
packet along the lth arm. In the second step, every sub-
wave packet |φ(pi/2, L)〉l passes over the corresponding
DD qubit embedded in the lth arm, and switches its state
from |0〉l to |1〉l simultaneously. In the third step, all the
sub-wave packets |φ(pi/2, R)〉l are reflected and divided
at the node of the right beam splitter, and contribute to
the output wave packet |ψout〉 = |φ(pi/2,∞)〉. The whole
process can be expressed as∣∣ψin〉 |0〉⊗n (22)
step 1−→ 1√
n
n∑
l=1
∣∣∣φ(pi
2
, L)
〉
l
∏n
l=1
|0〉l
step 2−→ 1√
n
n∑
l=1
∣∣∣φ(pi
2
, R)
〉
l
|1〉l
∏n
i6=l
|0〉i
step 3−→ 1
n
n∑
l=1
|1〉l
∏n
i6=l
|0〉i
∣∣ψout〉
− 1
n
√
n
n∑
l=1
n∑
j=1
∣∣ψoutj 〉 |1〉l∏ni6=l |0〉i
+
n∑
l=1
∣∣ψoutl 〉 |1〉l∏ni6=l |0〉i
From step 2 to step 3 we have used the formula (35)
derived in Appendix B. When |ψout〉 is measured in the
output lead, the operation
|0〉⊗n −→ 1√
n
n∑
l=1
|1〉l
∏n
i6=l
|0〉i (23)
is implemented with the success probability 1/n. Then
by using natural dynamics and subsequent measurement,
multipartite entangled W state can be generated. In the
near-resonance scattering case, the transmission proba-
bility amplitude t reduces the success probability to
PW =
|t|2
n
. (24)
As the comparison of the success probabilities of creat-
ing GHZ and W states of n qubits with the transmission
coefficient T , we plot Eqs. (19) and (24) in Fig. 4 for
the cases with T = 1.0, 0.9, 0.8, and 0.7; n = 2, 3, ...,
8. It shows that when T is close to 1, the difference be-
tween PGHZ and PW becomes large as n increases. As T
decreases from 1, the difference between PGHZ and PW
becomes smaller for fixed n.
VI. SUMMARY
We have shown how a spin network can be used
to generate multipartite entanglement among stationary
qubits. The key of this scheme is the alternative of mas-
sive or stationary qubit in a spin network, DD qubit. The
resonance scattering between a DD qubit and a SFWP,
which acts as the alternative of a flying qubit in a spin
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FIG. 3: Schematic illustrations for the scheme of entangle-
ment generation in spin network. (a) Realization of operation
|0〉 −→ (|1〉 + |0〉 /√2. (b) Generation of the GHZ state. (c)
Generation of the W state.
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FIG. 4: (Color online) Success probabilities for the genera-
tion of GHZ and W states of n qubits in the system with
transimission coefficient T .
network, allows a perfect transformation: an incident
wave packet can totally pass through a DD qubit and
switch it from state |0〉 to state |1〉. The resonance scat-
tering condition is investigated analytically and numeri-
cally. It shows that the resonance scattering is feasible in
practice. This ensures that through the natural dynam-
ical evolution of an incident single-spin-flip wave packet
in a spin network and the subsequent measurement of
the output single-spin-flip wave packet, multipartite en-
tangled states among n stationary qubits, GHZ and W
states can be generated. There are two merits in our
scheme. Firstly, the massive or stationary qubit, DD
qubit, is constructed by the element, two neighbor spins
of the spin network, which is applicable to all types of
the scalable multi-qubit systems. Secondly, it is based
on a natural dynamic process rather than an adiabatic
process. There is certainly significant potential for spin
networks to find applications in solid state quantum pro-
cessing and communication.
We acknowledge the support of the CNSF (grant No.
10874091, 2006CB921205).
VII. APPENDIX DYNAMICS OF WAVE
PACKETS IN BEAM SPLITTERS
In this appendix, we present the exact results for the
dynamics of wave packets in beam splitters.
A. Appendix A: 1× 2 beam splitter
In the work of Ref. [27] the dynamics of a wave packet
in the spin networks based on the XY model was studied.
A 1 × 2-beam splitter is consisted of three uniform spin
chains with coupling constant J⊥/2. The connections
between three uniform chains are αJ⊥/2 and βJ⊥/2 as
in Fig. 5. It has been shown that under the condition
α2 + β2 = 1, an input moving wave packet
∣∣ψin〉 will be
divided into two wave packets |ψoutα 〉 and
∣∣∣ψoutβ 〉 without
any reflection, which can be expressed as∣∣ψin〉 −→ α ∣∣ψoutα 〉+ β ∣∣ψoutβ 〉 . (25)
Similarly, the inverse process also holds, i.e.,
α
∣∣ψinα 〉+ β ∣∣ψinβ 〉 −→ ∣∣ψout〉 , (26)
where states
∣∣ψin〉, ∣∣ψinα 〉, and ∣∣∣ψinβ 〉 (|ψout〉, |ψoutα 〉, and∣∣∣ψoutβ 〉) represent the wave packets coming in (out) of the
node along the three chains respectively. Contrarily, for
two wave packets along the two arms, which interference
destructively at the node, we have
β
∣∣ψinα 〉− α ∣∣ψinβ 〉 −→ β ∣∣ψoutα 〉− α ∣∣ψoutβ 〉 . (27)
Combining the above Eqs. (26 and 27), we have∣∣ψinα 〉 −→ α ∣∣ψout〉+ β2 ∣∣ψoutα 〉− αβ ∣∣ψoutβ 〉 , (28)
and ∣∣ψinβ 〉 −→ β ∣∣ψout〉− αβ ∣∣ψoutα 〉+ α2 ∣∣ψoutβ 〉 . (29)
Then for a given incident wave packet along any branch
of a 1× 2 beam splitter, the probability amplitudes of all
the output wave packets can be obtained exactly.
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FIG. 5: (Color online) Schematic illustration for a 1×2 beam
splitter. Left panel: an incident wave packet |ψin〉 is split into
two sub-wave packets |ψoutα 〉 and |ψoutβ 〉 without any reflection.
Right panel: an incident wave packet |ψinα 〉, along one of the
two arms is divided into three sub-wave packets |ψoutα 〉, |ψoutβ 〉
and |ψout〉.
B. Appendix B: 1× n beam splitter
Now we consider a 1× n beam splitter consists of one
chain of length la and n arms of length lb with identi-
cal connecting coupling strength J⊥/2
√
n for each arm,
which is shown in Fig. 6. The Hamiltonian of such quan-
tum network reads
H = −J
⊥
2
la−1∑
i=1
a†iai+1 −
J⊥
2
√
n
n∑
l=1
a†labl,1 (30)
−J
⊥
2
n∑
l=1
lb−1∑
j=1
b†l,jbl,j+1 +H.c.,
where a†i and b
†
l,j are particle operators at site i of chain
la and site j of the arm l. They can be boson or fermion
operators. The conclusion for such model is available
for the dynamics of a single flip in the analogue of spin
network.
Similarly as shown in Ref. [27], we can perform the
following transformations
c†i = a
†
i , (i ≤ la) , (31)
c†i+la =
1√
n
n∑
j=1
b†j,i, (i ≤ lb) ,
d†l,i =
1√
n
n∑
j=1
e−i
2pil
n
jb†j,i, (l = 1, 2, ..., n− 1) ,
where c†i and d
†
l,j are also corresponding boson or fermion
operators. Under the transformations, Hamiltonian (30)
can be written as
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FIG. 6: (Color online) Schematic illustration for a 1 × n
beam splitter. Left panel: an incident wave packet |ψin〉, is
split into n sub-wave packets |ψoutj 〉 (j = 1, ..., n) without any
reflection. Right panel: an incident wave packet |ψinl 〉 along
one of the n arms is divided into n+1 sub-wave packets |ψoutj 〉
(j = 1, ..., n) and |ψout〉.
H = Hc +
n−1∑
l=1
Hl, (32)
Hc = −J
⊥
2
la+lb−1∑
i=1
(
c†ici+1 +H.c.
)
,
Hl = −J
⊥
2
lb−1∑
i=1
(
d†l,idl,i+1 +H.c.
)
,
(l = 1, 2, .., n− 1) .
Note that the sub-Hamiltonians satisfy
[Hc,Hl] = 0, [Hl,Hm] = 0, (33)
which indicate that the original quantum network, 1 ×
n beam splitter can be decomposed into n independent
chains, one of them is the length of la + lb and the rest
are all the length of lb. Based on the fact that a moving
wave packet can propagate freely along the n independent
chains, we have the following processes
∣∣ψin〉 −→ 1√
n
n∑
j=1
∣∣ψoutj 〉 , (34)
1√
n
n∑
j=1
∣∣ψinj 〉 −→ ∣∣ψout〉 ,
n∑
j=1
e−i
2pim
n
j
∣∣ψinj 〉 −→
n∑
j=1
e−i
2pim
n
j
∣∣ψoutj 〉 ,
(m = 1, 2, .., n− 1) .
Through a straightforward algebra, we obtain a set of
8expressions
∣∣ψinl 〉 −→ 1√n
∣∣ψout〉− 1
n
n∑
j=1
∣∣ψoutj 〉+ ∣∣ψoutl 〉 , (35)
(l = 1, 2, .., n) .
Then for a given incident wave packet along any branch
of a 1×n beam splitter, the probability amplitudes of all
the output wave packets can be obtained exactly.
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